Mutants of Candida utilis and a haploid strain of Saccharomyces cerevisiae were isolated, after ultraviolet light mutagenesis, which had increased sensitivities to snail gut enzymes (ses). Three of the five S. cerevisiae mutants tested had increased sensitivities to porcine pepsin, all were more susceptible to a sequential treatment with pepsin, lipase, peptidase, and trypsin, four were sensitive to osmotic shock, and two had increased glucan/mannan ratios in their cell walls. All combinations of mutants showed positive complementation in heterozygous diploids, although complementation between one pair, which had the same phenotype, was incomplete, indicating that four to five different cistrons were involved. All mutations were found to be recessive. Haploid strains bearing pairs of ses mutations were not markedly more sensitive to mammalian digestive enzymes than strains with single mutations. Rat-feeding experiments with three mutants and the parental strains indicated that the protein was efficiently utilized in all cases. Net protein ratios for the two mutants of S. cerevisiae tested were slightly higher than that for their parent, but the differences were of marginal significance.
The cell wall is commonly considered to be a barrier to the efficient utilization of yeasts as human food or animal feed (single-cell protein) (11, 23) . The digestibility of torula yeast cells for rats was reported to be only 64.6%, whereas that of the proteins extracted from the cells was 95.8% (13) . The protein efficiency ratios (PER; grams of gain in body weight per gram of protein consumed) for Saccharomyces cerevisiae fed to mice (8, 14) and to rats (17) were reported to be 18 to 37% greater with mechanically disintegrated lyophilized cells than with cells which had been lyophilized only. Spray drying S. cerevisiae cells did not increase the PER, but drum drying resulted in a PER almost as great as that obtained with mechanically disintegrated cells (8) .
By contrast, the digestibilities by rats ofyeasts grown on n-paraffins were, with the exception of one preparation, found to exceed 90% (18, 21) . The digestibilities of these yeasts by calves (21) , pigs, and chickens (9) were similarly high but were slightly lower in very young animals. Treatments given the cells during their manufacture may have affected their susceptibility to digestion, but electron micrographs showed that intact cells were present in the proximal parts of the digestive tract when the cells were fed to chicks and pigs (9) . However, when the samples were examined after the feed had reached the cecum, intact cells were not observed in either chicks or pigs.
Further information on the role of the cell wall in the efficiency of utilization of yeasts as single-cell protein, and a possible means of overcoming any barrier to digestion imposed by the cell wall, was sought by the isolation of mutants which had defective cell walls. The basis for selection was the detection of mutants with increased sensitivity to Helicase (Industrie Biologique Francaise, Gennevilliers, France), a crude, mixed-enzyme preparation from the gut of the garden snail, Helix pomatia, because it is already known that the cell wall of yeasts is susceptible to digestion by Helicase (1) . Since some such mutations might be lethal to the cell, the detection procedure was conducted at 37°C, permitting the isolation of temperature The procedures for culture maintenance and sporulation were as described by Fink (5) . These included the use of yeast extract-peptone-dextrose (YEPD) medium (as a general growth medium), both presporulation medium and sporulation medium (for the induction of ascospore formation), and the synthetic minimal medium (used to test for auxotrophy). To test for, or select against, respiratory-deficient mutants (petites), a glycerol medium (YEPG) was used which had the same composition as YEPD except that glycerol was substituted for dextrose. All incubations were at 25°C except where otherwise indicated.
Cells for rat-feeding experiments were produced on the following medium (grams/liter): KH2PO4 ( Cell wall analyses. The cell walls from wild-type and mutant strains were isolated by fragmenting stationary-phase cultures in a Bronwill cell homogenizer, followed by differential centrifugation and three washings in distilled water. The glucan and mannan concentrations in the cell wall preparations were determined as described by McMurrough and Rose (12) .
Genetic procedures. The procedures for mating and ascospore formation in S. cerevisiae were as described by Fink (5) . Random ascospore analyses were performed by heating sporulated heterozygous diploids at 65°C for 10 min, to kill vegetative cells, and treating the asci (which are much more sensitive to snail gut enzymes than vegetative cells) with Helicase (1 mg/ml) for 1 to 2 h at 25°C. The ascospores were dispersed from the treated asci by treatment with a Biosonic III sonic oscillator, with the yellow probe and at 60% intensity, for 3 min. The spores were plated on YEPD, and the colonies were tested for Helicase sensitivity.
Tetrad analyses were performed on asci treated for 10 min with a 1:400 dilution of Glusulase (a snail gut enzyme preparation sold by Endo Laboratories, Garden Reade and Gregory [20] ).
The rats were individually caged and were given food and water ad libitum. For 2 days the rats were fed a mixed diet consisting of 50% powdered Purina laboratory chow plus 50% mixed experimental diets. Food was removed for 6 h before starting the experimental diets. At that time the rats were weighed and divided into groups of 10 each, such that the difference in the total weight between each group was less than 1 g. The weights of the rats were recorded every 2 to 4 days.
RESULTS
The vegetative cells of both C. utilis Y60 and S. cerevisiae Y5a were found to grow normally and produce normal-looking colonies in the presence of Helicase concentrations as high as 20 mg/ml. When 5,900 colonies, from an ultraviolet light-irradiated culture of C. utilis Y60, were replica plated on YEPD plus Helicase (1 mg/ ml) and incubated at 37°C, three mutants were isolated which showed no growth in the presence of the snail gut enzymes. One of these mutants, designated RM-C1, was studied further. With S. cerevisiae Y5a, 18 ses mutants were isolated from 9,200 colonies scored. Five of these were studied further. (Fig. 1) . By contrast, buds formed by cells of mutant RM-C1 tended not to separate from the parental cells, thereby forming large clumps of cells.
The S. cerevisiae mutants varied markedly in their sensitivity to osmotic shock ( Table 2 ). The parental culture and one mutant were unaffected, one culture showed both decreased packed cell volume and decreased viability, two cultures showed a large drop in viability with only a small decrease in packed cell volume, and the remaining mutant showed a surprising decrease in packed cell volume without a decrease in viability, presumably resulting from surface changes which permitted the cells to pack together more tightly. Table 3 compares some of the growth characteristics of S. cerevisiae Y5a and the five selected mutants. Two of the mutants turned out to be temperature sensitive and failed to grow at 37°C. The cultures were, however, Helicase sensitive at 25°C. One mutant (RM-2) produced minute colonies, whereas mutants RM-4 and RM-5 formed buds which were delayed in separating from the parental cells, resembling C. utilis mutant RM-C1 in this respect. In these properties, as in the other properties studied, mutants RM-4 and RM-5 had the same phenotype. Inositol deficiency has been reported to cause nonseparation of buds formed by yeasts (7), but inositol at 10 yg/ml had no effect on these ses mutants.
Since the cell wall of S. cerevisiae is composed of glucan-protein and mannan-protein complexes (2, 16) it might be expected that some wall-defective mutants would have altered proportions of glucan and mannan. The parent strain had almost equal amounts of glucose and mannose in its cell walls, whereas mutants RM- 4 and RM-5 had significantly greater glucose/ mannose ratios in the hydrolytic products of their walls (Table 4) .
To determine whether the five ses mutations of S. cerevisiae were dominant or recessive, each of the mutants was mated with wild-type S. cerevisiae Y5a. In all cases the diploids were resistant to Helicase, indicating that each mutation was recessive. The heterozygotes were induced to sporulate, and the progeny of random spore isolates were tested for Helicase sensitivity. In every case the Helicase sensitivity phenotype segregated in a ratio very close to 1:1, indicating that a single nuclear gene controlling Helicase sensitivity was involved in each mutation (Table 5 ). The haploid mutant strains recovered from the diploids were found to retain the distinguishing characteristics shown in Table 3, indicating that the diverse phenotypes It was postulated that if one mutation rendered a cell more sensitive to digestive enzymes, then two such mutations would render a cell still more sensitive. Strains carrying double mutations were constructed as described in Materials and Methods. Since the RM-4/RM-5 diploid failed to sporulate, a double-mutant strain carrying these two mutations could not be obtained. Table 6 shows some properties of the double mutants. Three of the double mutants showed a greater sensitivity to Helicase than did any of the mutants bearing only a single mutation (cf. Table 1 ). None of the double mutants showed a greater sensitivity to pepsin than the single mutants; indeed, the sensitivity was often markedly less than that conferred by the component mutations individually. The double mutant RM-1/ RM-2, however, was quite sensitive to the sequential enzyme treatment. One double mutant (RM-2/RM-5) was more sensitive to osmotic shock than any of the single mutants (cf. Table  2 ), and the cell walls of one double mutant (RM-2/RM-4) yielded a higher glucose/mannose ratio than any mutant individually. Table 7 show the results of ratfeeding experiments using C. utilis Y60 and S. cerevisiae Y5a together with three ses mutants. The growth rates of animals fed C. utilis Y60 and its mutant were so similar that they could be represented by a single line in Fig. 2 . The growth rates of rats fed S. cerevisiae Y5a and its mutants were also very similar, and the final weights of the groups of animals were not significantly different at P = 0.05. In no case was the PER for a ration containing a mutant significantly different from that for a ration containing its parent. S. cerevisiae mutant RM-2 gave a net protein ratio value which was 8% higher than that of its parent, and this difference was marginally significant at P = 0.05, both as suggested by the standard error of the mean and as determined by Duncan's multiple-range test (22 (13, 21) . No methionine supplementation was used in the present experiments, but the methionine content of Y5a (1.8% of the true protein; 15) was approximately the same as the concentration in the torula yeast reported by Mitsuda et al. (13) . It is evident that a 37% increase in the PER values (based on either crude protein or true protein) obtained with S. cerevisiae Y5a, C. utilis Y60, and their mutants would bring these values above those for unsupplemented casein. All of these considerations indicate that, in the yeast cultures studied, the cell wall. had not been a major barrier to the utilization of the cells' protein by the rats. It is probable that PER values are a better measure of protein availability from single-cell protein than are digestibility values based on analyses of fecal nitrogen, since the latter do not distinguish between protein nitrogen and nonprotein nitrogen which might be present in components such as chitin.
Several workers have reported a wide range of variation in the digestibility of single-cell protein obtained from yeasts as well as bacteria. For example, one of the four yeasts tested by Palmer and Smith (18) had digestibility and net protein utilization values which were markedly lower than those of the others. Tannenbaum and Miller (24) showed in rats a significant increase in the digestibility of Bacillus megaterium, from 55.6 to 67.3%, when the cells were homogenized and autoclaved. Kaufman et al. (10) found no significant increase in the true digestibility of Escherichia coli cells by rats after disruption by sonication. Similarly, Yang (25) 
